Aim: To assess whether sense of coherence (SOC) predicts the 4-year incidence of periodontal disease in adults.
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Principal findings
This prospective study shows that Sense of Coherence may not be relevant to the understanding of periodontal disease.
Practical implications
This study excludes Sense of Coherence from the pool of candidate psychosocial factors that have been linked to periodontal disease. 
INTRODUCTION
The salutogenesis theory refers to the factors that promote health in contrast to a pathogenic model of medicine where the focus is on the factors of disease (Antonovsky, 1979 , Antonovsky, 1987 .
Identifying why people are healthy or remain healthy in adverse conditions or stressful situations may suggest what regulates health (Antonovsky, 1996, Eriksson and Lindstrom, 2006) . The Sense of Coherence (SOC) construct is central to the salutogenesis theory and relates to the way individuals make sense of the world, use required resources to respond to it and feel that these responses are meaningful and make sense emotionally (Antonovsky, 1987) . As such, a strong SOC has been hypothesised to facilitate successful coping with stressors and the maintenance and improvement of health (Antonovsky 1996, Eriksson and Lindstrom 2006) . Supporting the contribution of SOC to health, various prospective studies have shown that stronger SOC predicts better health outcomes in adult life (Poppius et al., 1999 , Kivimäki et al., 2000 , Suominen et al., 2001 , Poppius et al., 2003 , Surtees et al., 2003 , Kouvonen et al., 2008 , Konttinen et al., 2008 , Kouvonen et al., 2010 .
A number of studies also support an association between a strong SOC and better clinical oral health in adults (Lindmark et al., 2011 , Bernabé et al., 2010 , Bernabé et al., 2012b , Bernabé et al., 2012a .
However, evidence on SOC and periodontal disease is still conflicting. Only two studies, both crosssectional, have explored the association of SOC with periodontal disease in adults. Using data from the nationally representative Health 2000 Survey of adults in Finland, Bernabé et al. (2010) found that the association of SOC with the extent of periodontal pockets>4mm was fully accounted for by preexisting diabetes, oral health-related behaviours and dental plaque. Contrarily, Lindmark et al. (2011) , using data from the 2003 survey of the Jonkoping study in Sweden found that SOC was associated with fewer teeth with pockets>4mm after adjusting for potential confounders. In the only longitudinal study to date, Ayo-Yusuf et al. (2008) found that a strong SOC was an independent predictor of selfreported frequent gingival bleeding in South African adolescents over an 18-month period. Antonovsky (1987 Antonovsky ( , 1996 proposed that SOC could promote health through three pathways: first, by regulating emotional tension generated by confrontation with stressors; second, through the selection of health-promoting behaviours; and third, by direct physiological consequences via the central pathways of the neuro-immune and endocrine systems. Most oral diseases have a strong behavioural component, and as such, Antonovsky's second proposed pathway may determine the healthpromoting and avoidance patterns that are associated with periodontal disease. More specifically,
Studies have shown that adults with a strong SOC are more likely to brush their teeth daily (Savolainen et al., 2005) , visit the dentist regularly for check-ups (Savolainen et al., 2004) , and avoid smoking habits (Wainwright et al., 2007 , Savolainen et al., 2009 Kivimäki et al., 2002) and markers of inflammation (Lindfors et al., 2006 , Nasermoaddeli et al., 2006 , Garvin et al., 2009 ), both of which are known to play a role in periodontal disease.
Therefore, the purpose of this study was to assess whether SOC predicts 4-year incidence of periodontal disease in Finnish adults. It was hypothesized that a weak SOC will lead to an increase in the 4-year incidence of periodontal disease.
MATERIALS AND METHODS

Data source
The Health 2000 Survey was a national survey conducted by the National Public Health Institute (currently THL -National Institute of Health and Welfare) in 2000-01. The stratified two-stage cluster sample was representative of the Finnish population and included 8028 subjects aged 30 years or over. The target sample size was calculated to allow determination of the prevalence of most health problems by various demographic groups (Aromaa and Koskinen, 2004) . A total of 6335 subjects (79%) had clinical oral examinations. Of them, 5389 (85%) were dentate with complete data on dental status (Suominen-Taipale et al., 2008) who died, were edentulous, and for logistic reasons, those in health centre districts where less than 15 subjects had been sampled, were excluded. The final sampling frame of the follow-up examinations comprised 1248 subjects who were invited to a clinical oral re-examination. The participation rate of the follow-up examinations was 84% (n=1049).
This study is based on 848 dentate adults who participated in both surveys and had complete data on the variables selected for analysis (representing 68% of the original sampling frame). The length of follow-up was approximately 4 years (mean: 1,504 days; range: 1,327-1,696).
Variables
At baseline, participants provided information on their demographic characteristics (sex and age), education, pre-existing diabetes, SOC scale and dental behaviours. Education level was indicated by a three-class variable. No vocational training beyond a vocational course or on the-job training with no matriculation examination was classified as basic education. Completion of vocational school as well as passing the matriculation examination but having no vocational training beyond a vocational course or on-the-job training was defined as secondary education. Higher education comprised degrees from higher vocational institutions, polytechnics, and universities. Pre-existing diabetes was determined based on information provided during the health interview. Participants were asked whether a doctor had ever diagnosed them with diabetes (no/yes).
Participants' SOC was assessed using a shortened version of the Finnish SOC-13 scale (Bernabé et al., 2012a , Bernabé et al., 2010 , Savolainen et al., 2004 , Savolainen et al., 2009 , Savolainen et al., 2005 , Bernabé et al., 2009 ). The item 'Does it happen that you have feelings inside you would rather not feel?' was not included in the final questionnaire of the Health 2000 Survey. Participants answered using 7-point semantic differential scales with two opposite anchoring phrases (1=very often and 7=very seldom or never). Negatively worded items were reverse-scored so that a high score indicated a strong SOC. Items were averaged to calculate the SOC score of each subject, which ranged between 1 and 7 points. When calculating the SOC score, subjects with missing values for more than 3 SOC items were treated as missing. If a subject had 3 or less SOC items with missing values, they were replaced by the mean value of the remaining SOC items for that subject. In this sample, Cronbach's alpha for the SOC scale was 0.85.
In terms of dental behaviours, participants reported their pattern of dental attendance on a 3-point scale (never, only for emergencies, regularly for check-ups) and their toothbrushing frequency on a 5-point scale (never, less often than every day, once a day, twice a day, more than twice a day).
Smoking status was derived from four questions: 'have you ever smoked?', 'have you ever smoked regularly (i.e. daily for at least 1 year)?', 'have you smoked at least 100 times?' and 'when did you last
Daily smokers were defined as those who reported smoking at least 100 times in their lifetime, regularly for at least 1 year and most recently the day of the survey or the previous day.
Clinical oral examinations were conducted identically at baseline and follow-up. Baseline examinations were performed by 5 dentists using a headlamp, mouth mirror, fibre-optic light and a WHO periodontal probe, with participants seated on a dental unit. Follow-up examinations were performed by one of the dentists who participated at baseline. The periodontal status was determined by measuring the depth of periodontal pockets on four sites per tooth (distal and midpoint on the buccal side, mesial and midpoint on the lingual side), excluding third molars and tooth remnants. All teeth with pocket depths of 4mm or more at any site were recorded as having periodontal pockets.
The percentage agreement in the parallel measurements on 269 subjects, where field examiners were individually compared with the reference examiner under field circumstances, was 77% (Kappa: 0.41) for periodontal pockets by tooth. Kappa values for intra-examiner reliability on 111 subjects were 0.83 for periodontal pockets by tooth , Suominen-Taipale et al., 2008 . The outcome measure was the change in number of teeth with pocketing>4mm over four years, which was calculated by subtracting the number of teeth with pocketing at follow-up from the corresponding figure at baseline (for those teeth that were present and examined in both surveys).
Statistical Analysis
Two separate sets of longitudinal analyses were conducted. The first set was conducted with all the 848 subjects who participated in both surveys and had complete data. Simple linear regression was used for modelling the change in the number of teeth with pocketing in this set of analysis as the former was normally distributed, and had both positive and negative values. Regression coefficients were therefore reported. The second set was conducted with the 305 subjects who had no pocketing ≥4mm at baseline so that it gives a stronger indication of incidence of periodontal disease (positive change). Negative binomial regression was used for modelling the outcome measure in this set of analysis as it was a count variable with over-dispersion. Rate ratios (RR) were reported. The number of teeth at baseline, in its continuous form, was used as the offset variable in this set of regression models. Age and SOC were treated as continuous variables in all regression models.
The modelling strategy was first to estimate the crude, unadjusted association of SOC with the outcome measure and then gradually adjust for factors that could explain the association. Following
this strategy, the crude effect of baseline SOC on the change in number of teeth with pocketing was first estimated. This association was then sequentially adjusted for baseline demographic factors (sex and age) in Model 2, socioeconomic position (education level) in Model 3, and dental behaviours (dental attendance, tooth-brushing frequency and smoking status) and diabetes in Model 4.
RESULTS
The baseline profile of the two analytical samples is shown in Table 1 . The sample of adults with complete data (n=848) was fairly similar to the full sample of adults who participated in the follow-up study (n=1048). In the former group, the mean number of teeth with pocketing at baseline was 4.1 Table 2 shows the distribution of SOC scores and change in number of teeth with pocketing by baseline characteristics. Among the 848 adults with complete data, more educated, non-diabetic and female participants as well as non-daily smokers, those who brushed their teeth twice a day or more often and those visiting the dentist regularly for check-ups had significantly higher SOC scores than their counterparts. The change in number of teeth with pocketing was significantly related to age and daily smoking. Among the 305 with no pocketing at baseline, women, non-daily smokers and more educated participants had significantly higher SOC scores than their counterparts. The change in number of teeth with pocketing was significantly related to sex, age and daily smoking.
SOC was not significantly associated with the change in number of teeth with pocketing over four years (Table 3) . Among the 848 adults with complete data, a non-significant regression coefficient of -0.28 (95%CI: -0.74 to 0.18) was found between SOC and change in number of teeth with pocketing.
This finding remained unchanged after adjustments for demographic factors (sex and age), socioeconomic position (education), behavioural factors (toothbrushing frequency, dental attendance pattern and smoking status) and pre-existing diabetes. Similarly, a non-significant rate ratio of 0.94 (95%CI: 0.80 to 1.10) was found for the association between SOC and change in the number of teeth
with pocketing among the 305 individuals with no pocketing at baseline. This finding did not change after adjustment for demographic factors, education, dental behaviours and diabetes.
DISCUSSION
In this prospective study on the association of SOC with clinical oral health in adults, SOC was not a predictor of 4-year incidence of periodontal disease. This finding was irrespective of analysing the full sample or only those with no evidence of periodontal disease at baseline.
Our findings agree with those from a previous study using data from the Finnish Health 2000 Survey (Bernabé et al., 2010) but disagree with a previous study in Sweden (Lindmark et al., 2011) . The lack of association between SOC and periodontal disease may be explained by a number of factors. First, the Health 2000 Survey only included assessment for periodontal pocketing, which would probably result in an underestimate of the prevalence of periodontitis, especially among older people (Page and Eke, 2007) . Clinical attachment loss is considered a more accurate measure and is accepted as the gold standard for disease severity and progression (Beck and Elter, 2000 , Burt, 2005 , BeltranAguilar et al., 2012 , Savage et al., 2009 . Second, the 4-year follow-up period may have been too short to note any changes in pocket depths for the development of periodontitis, although three years of data have shown differences when clinical attachment loss have been recorded (Burt, 2005) . Third, using two points in time is the minimum amount of data for longitudinal analysis but may not be representative of any complex multi-factorial disease. Periodontal disease is characterised by intermittent bursts of activity, so it is possible that the number of examination times were not reflective of disease activity. A final explanation is that SOC is simply not relevant to periodontal disease. And even if significant findings are found with larger samples, the magnitude of the effect (6%-reduction in periodontally healthy adults) may be so small to be clinically important. As this is the first longitudinal study on the association between SOC and periodontal disease, further research is needed to corroborate the present findings. New studies will benefit from using alternative measures of periodontal disease and multiple periodontal assessments over longer follow-up periods.
Subject to replication in different populations, the present findings imply that policies and interventions to promote periodontal health may benefit little from considering the psychosocial characteristics encompassed by the SOC construct. Although prior research suggests that adults with a strong SOC tend to report more favourable dental behaviours, including those related to periodontal disease such
as smoking avoidance and frequent toothbrushing (Savolainen et al., 2005 , Savolainen et al., 2004 , Wainwright et al., 2007 , Savolainen et al., 2009 , most evidence to date is cross-sectional and it remains to be seen whether SOC is associated with changes in dental behaviours.
Some limitations of this study need to be discussed. First, the sample of adults who participated in the Follow-Up Study on Finnish Adults' Oral Health included slightly younger, more educated and more female participants than the baseline sample of the Health 2000 Survey. Therefore, our findings represent valid relationships between the variables of interest but cannot be inferred to the Finnish adult population. Second, due to a clerical error SOC was assessed using 12 of the 13 items of the original short SOC scale. Despite being different in only one item from the original scale, it is possible that this modified instrument, widely used among Finnish adults (Bernabé et al., 2012a , Bernabé et al., 2010 , Savolainen et al., 2004 , Savolainen et al., 2009 , Savolainen et al., 2005 , may have measured a phenomenon that is similar but not identical to Antonovsky's SOC construct. However, this abbreviated SOC scale has good structural validity and internal consistency (Bernabé et al., 2009 ). In addition, a 4-year prospective study found similar results for the association between SOC and health when using the SOC-13 or even a shorter six-item version (Kivimäki et al., 2000) . Third, the inter-examiner agreement for periodontal pockets was only moderate, which implies that it was prone to measurement bias. This is not a unique characteristic of this survey, but rather a standard feature across epidemiological surveys, reflecting the difficulty to examine and precisely measure periodontal pockets under field circumstances.
In conclusion, this prospective study did not support an association between Sense of Coherence and number of teeth with periodontal pocketing among Finnish adults. A C 
